
cOpy NO. 126

RESEARCH MEMORANDUM
FREE-FLIGHT INVESTIGATION OF CONTROL EFFECTIVENESS

OF FULL-SPAN 0.2-CHORD PLAIN AILERONS AT ~GH

SU~ONIC , TRANSONIC , AND SUPERSONIC SPEEDS

TO DETERMINE SOME EFFECTS OF SECTION

THICKNESS AND WING SWEEPRACK

By

Carl A. Sandahl and Alfred A. Marino

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

c~ ~

.-

NATIONAL ADVISORY .COMMITTEE
FOR AERONAUTICS

WASHINGTON —.

May 29, 1947
,“=-..



*

----- -’”
---

,-

.--’. -. “-”“-

.-.=.. .....-* --

>--
. \’.-

-.
. .

.

●



-’w?TECH LIBRARY KAFB, NM

llllllllllli~~~lg~~p-
NACA m No. L71M2

NATIONALA R AERONA~ICS

JmsEmCH MEMmmIm

a

,

.

●

FREE-FLIGHTINVESTIGATION
,

OF FUIL-SPANO .2-CHORD

SUBSONIC,TIUNSONIC$

To ImmmNE SOME

THICKNESSAND

By Carl A. Sandshl

OF CONTROLEFFECTIVENESS

PIAINAIIERONSAT HIGH

AND SUPERSONICSPEEDS

EFFECTSOF SECTION

WDJG SWEEPBACK

and AlfredA. Marino

A rocket-propelledtestvehicleto be used in en experimental
investigationof aerodynamiccontroleffectivenessat high subsonic,
tremsonlc,and supersonicspeedshas been developed. The test
vehicle(RM-’j)and the instrumentationS&e describedend the first
data obtainedare presented. Thesedata indicatesome of the effects
of sectionthicknessratioand wtng sweepbackon the rollingeffective-
ness of plainfull-span0.2-chordaileronsaeflected5°0 For the
straigjltwings tested,decreasingthe sectionthicknessratiofrom
0.09 to 0.06 a~creasedthe severityof the loss of controleffective-
ness at transonicspeeds. Wing sweepbackeliminatedthe suddenloss
of controleffectivenessexperienced-by
transonicspeeds.

INTR03XJCTION

the straightwingsat

At the presenttime,thereexistsa need for experimental
informationwhichwill assistin the desi~ of adequateaerodynamic
controlsfor use at high subsonic,transonic,and supersonicspeettso
Wind tunnels,whichheretoforehavebeen the main sourcesof aero-
dynamicdata,are at the presenttimeincapableof proviaingreliable
aerodynamicdata over the entiretransonicspeedrange. Furthermore,
supersonicwind-tunneldata to datehave usuallybeen of very SU1l
scale. A sourceof experimmtalaerodynamiccontrolinformation
otherthanwind tunnelswould appearIXIbe required. Wing-flowtests
(reference1) are one such source;however,the snd.1scaleof such
testsand the limitedsupersonicspeedsattainablepresentpossible
limitationsto this technique’.
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As a result of the foregoingconsiderations,the Mgl.ey Pilot-
4

less AircraftResearchDivisionhas undertakena programto determine
experimentallycontrolcharacteristicsIn the speed,rangefrom high
subsonicto supersonicby meansof rocket-propelledtestvehicles.
The exploratoryphaseof the programis being conductedwith the
RM-5 testvehiclewithwhich datarelatingto the rolling capabilities
of wing-control”combinaticmsare obtained. The RM-5 consistsof a
pointedcylindricalbody at the rear of whichare attachedwln$s
havingpresetfixedaileron-typecontrols. In flightthe rolling
‘velocityproducedby the aileronsis measuredby meansof special
radioequipment.The rollingvelocitymeasurements,in conjunction
with Iqpler radarflight-lath-velocitymeasurementsand atmospheric
data obtainedwith radiosonde,“permitthe ev~uation of the aileron

yb
controleffectivenessin termsof the customaryparameter — as a

2V
functionof theMach nnmber. The testingtechniqueand the measure-
mentsobtainedpermitthe directevaluationof the rollingcapa-
bilitiesonly of the ccntrol.aspart of a wing-aileroncombination;
however,it is possibleto obtaingeneralqualitativeinformation
withregard to controleffectiveness. ,

The purposeof the presentpaperis to descrilethe RM-5 test
y?~icle.,the“instrumentation,and the testingtechniqueand to present .
data obtainedto date. Thesedata ind.i.catecope of the effe$tsof wing
sweepbackand sectionthicknessratio on the effectivenessof plain-
flap typecontrolsovera Mach number”rangefrom approximately0.75
to
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SYMBOLS

,.,
,,

wing-tiphelixangle,radisns

rollingveloclt~,radiansger secotid-

diameterof”circlqsweptby wing tfp#,feet,,

., fli~t-path’velocityjfeet per second

, ,dragcoefficient”b,asedon the totalexposed.wing area of
1.563squarefeet - ‘ ‘ “ “

..

,Machnumber ~ “ “ ~~,,

wi.& sweepback ,... ,.. .

qfijgy%%??iiia
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aspectratio
(1)
B~2 S1

diameterof circlesweptby wing tips minusfuselage
diameter

expcsedarea of two wing panels

wing chordin free-stremdirection

controldeflectionmeasuredb free-streamdirection

momentof inertiaaboutlongitudinalaxis

wing torsionalstiffnessparameter(reference2)

pbpb to rigidwing ~ratioof nonrigidking ~

DESCRIPTIONOF TESTVIEIICLE

General

The generalarrangementof theRM-5 is shownin figure1. The
modelsare constructedmainlyof wood for ease of constructionand
lightness. The body is of balsa exceptat the wing attachmentwhere
spruceis used. The wingsare constructedof laminatedsprucewith
steelstiffenersInlaidinto the upperand.lowerwing surfacesto
providethe requiredtorsionalrigidity. The torsionalrigidity
of the wings is such that the loss of rigid.-wingrollingeffectiveness
due to wing twistdoesnot exceed!20percentat ahlachnumberof 0.8.
This criterionis consideredto be adequatefor the purposesof these
tests.

A standard3.25-inchaircraftrocketmotoris used for propulsion.
This motor was chosenbecauseit providesthe speedrangerequired
fop thesetestsand is readilyavailable.

Present

In the yresenttests,thebody

Tests

shape,aspectratio (3.0),exposed
(l),and the control(0.2cfull-whg area (225 sq in.),&per ratio

spanplainflap, ba = 5°) were held constant. At zerosweepback

NACA 65-oo9 andNACA 65-006 airfoilsectionswere tested..The NA(jA

65-cQ9 secti.onwas also testedat 45° sweephack. The airfoilsections
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and the controldeflectionswere alwaystakenin the free-stream
‘

direction.Photographsof the modelstestedare shownas figure 2
and a summaryof the modelconfigurationstestedis givenin tableI.

Measuredwing stiffnessvalues‘~r and,thecorresponding

rollingeffectiveness~ expressedin termsof the rigid-wing
rollingeffectiveness,computedfor a Mach numberof 0.8 according
to reference2, are givenas follows:

50 :.%x 104 “ ““ 0.81
51 .76
53 3:39 .82

‘ The aforementionedwingsare consideredtopossessadequatetorsional
stiffnessfor the purposesof thesetests. ,

The maxiqumReynoldsn@er at~ainedIn thesetest8was of the
order,of6,000,000based.onthe w- “chordin the flightdirection. .

INSTRUMENiMTION

Rolling-Velocity,,Measurements ‘“

The timehistory.of the rollingdisplacementof the RM-5 during
flightis obtainedby meansof a“smd.1radio transmitter or %pinsonde”
housedin the Plexiglasnose of me model. The spinsondeprovides
a continuous-waveradiofrequencyfieldwhichis approximatelyplane
polarizedin a planenormalto any radiusdrawnfrom the centerof
the antennaand of nearlysphericalfieldutrengthpattern. In flight
the polarizedfieldro~ta with the modelaboutthe longitudinal
,Sxie. The receivingantennaon the groundis polarizationsensitive
and as thepolarized:fieldrotatesa low frequencysignali.sproduced
at me outputof the receiver. The frequencyof thissignalrepresents
twicethe relativeangularvelocityof the nmdelwith respectto the
receiVingantenna. The spinsondesignaland timingand synchronization ,
dataare recordedon a film typerecorderpermittingthe reductionof
the rolling-velocitydataand correlationwith the flight-path-velocity
measurements. ‘
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rollingvelocityof the testvehiclein flight. Thiswork by the
IRD in a largepart made possiblethe testsdescribedherein.

Flight-Path-Velocityand AtmosphericMeasurements

The velocityalong the flightpath is measuredly meansof
continuouswave Dopplerradarusing the techniquedescribedin
reference3., Radiosondeobservationsof the variationof density
and temperaturewith altitudeare made at the time of firing.

.

ACCURACY

The measurementsshownin tableI indicatethe accuracyof
modelconstruction.Some of the differencesohtainerlin the results
of firingsof duplicatemodelscan be attributedto the physical
differencesin the models.

The accuracyof the resulteis estimatedto be within the
followinglimits:

W5ng-tiphelixQe, ~ . . . . . . . . . . . . . . . ..5.002
2V

Drag coefficient,CD . . . . . . . . . . . . . . .,...10,004

Mach number, :M . . . . . . . . . . . . . . . , , . , . . , ~0.01

EVALUATIONOF RESULTS

The measurementsmade In the investigationprovidetimehistories
of flight-pathvelocity,Mach number,and rollingvelocity. T~ical
curvesof thesequantitiesplottedagainsttimeare shownin figure3.
These data,for the coastingflightafterburnout,are thenused to

obtaincurvesof wing-tiphelixangle
%
b againstMach number.

The resultsobtainedfor the modelscoveredin thisreportare
p3S9nkl in figure4. The hag coefficients,.Qso showninfi~re 4,
are computedby a methodinvolvingthe differentiationof the velocity--
time curve.

It willbe noted that the valuesof

directlyfrom time-history

=

‘~ of figure4, computed

shownin fig. 3), are not
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steady-statevaluesowingto the timerate of change“ofrolling
4

velocitythe modelis experiencing,and the rolling moment of Inertia
of the model. Withthe assumptionsthat,at the sameforwardspeed
and k,ch nu!qber,the.aileroneffectivenessand the twistingof the
wing,ar~ unaffectedby smallchangesin rollingvelocityand that
the dampingmomentin roll is proportionalta the wing-tiphelix

engle 2$., the

measuredvalues

followingrelationshipbetweenthe steady-stateand
O* pb

m
can.bedeveloped.:

where

ie the

timent

values

~ is the timerate of changeof rollingvelocity, Ix
dt .
rollingmoment

duO to rolling

of the damping

of inertiaof the npde,l,and LD is the damping

at the uaqti.edvalue‘of’PLO By use of estimated ‘
m

Ix ~ ,
momen$,.the factor ,1+ —

LD
was evaluated

for model‘jOa(rectangularwing plan form)in coastingflight. Except
for the transonicspeedr~ge the factorwae}negligible,beinga
maximumof about1003 in the supersonicspeed remgeand 0.98 in the
subsonicspeedrange, At transonicspeeds,where the greatestchanges
in rollingvelocityare experienced,thisfactor (althoughnot strictly
validin this speedrange) was roughly estimatedto be 1.2 at the
greatest.positiverollingacce~eration’(time,2.6 see, fig. 3) and
().8atthe greatestnegativeacceleration(time,2.47 seo$fig. 3).
The changesin rollingvelocitycitedin the aboveexample are probably
the most severewhichwill be encounteredin the courseof the investi-
gation. It is consideredthat the effectsof inertiado not seriously
influencethe interpretationof the data.

It is pointedout that”values of & .evenwhen correctedfor
m

inertiaeffectsare not directmeasuresof the controleffectiveness,
that is, the liftproducedby unit controldeflection.Equilibrium

values of ~ are determinedby the equilibriumbetweenthe rolling

momentsuppliedby the deflectedcontroland the dampingmomentdue to .

the ensuingrollingmotion. Changesin the valuesof @ my occur
2V

by a changein eitherof theseaerodynamiccharacterj.sti.cs.For this’
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‘e 7
reason the measurementsof ~b are tirectlyapplicableonly to the

m
evaluationof the rollingcapabilitiesof wing-controlcombinations.
It is yossibleto determinethe effectivenessof a particularcontrol
onlyby makingcertainassumptionswith regardto the damping. For

example,it is reasonable to attributethe abruptloss in Q. measured
2V

for configuration50 (fig.4) at transonic’speedsto loss in control
effectiveness,sinceavailableinformationindicatesthat the damping
doesnot increaseat thesespeeds.

DISCUSSION

.

The abruptloss in controleffectivenessat transonicspeeds
for straightwings determinedalso in previousinvestigations
(reference), is clearlyillustratedin figure4 (models50 and.~1).
The loss of effectivenessfor the 9-percent-thicksection(model~)
occursat a Mach numberof about0.% and for the 6-percent-thick
section(model51) at a Mach numberof 0.88. A reductionof the
sectionthiclmessratiowas beneficialin that the loss of effectiveness
is less severeand occursat a slightlyhi~herMach number. me

relatively“largevaluesof Qb obtainedfor model51 are due in part
s

to the fact that the aileron-deflectionwas inadvertentlyslightly
largerthanfor models50a and 50b (tableI). No attempthas been

made to correctthe ‘b data to comparableailerondeflectionsbecause
F

the effectivenessmay not be linearwith ailerondeflectionand because
the deflectionswere checkedat only one sectionon eachwing penel.
Wing sweepback(model53, A= 45°) eliminatedthe suddenloss of

effectivenessmeasuredfor the straightti~sj the valuesof ~

decreasecomparativelygraduallyin goingfrom subsonicto supersonic
Mach nunibers.It is noted that,in both the trsnsonicand supersonic

pb obtainedwith the sweptbackwingspeedranges,the valuesof ~

are considerablygreaterthanfor the straightwing of the same thick-
ness;however,in the subsonicrange the valuesare comparable.

Examinationof the drag datapresentedin figure4 showsthat
theMach nwbers at whichthe suddenloss in controleffectiveness
occursfor the straightwings isvery near to the Mach nunibersat
which the suddenrise in &ag coefficientoccurs. It is elso inter-
estingto note the apparentrelationshipbetweenthe severityof the
controlloss and the amountof the drag increase. For the 9-percent-
thickstraightwing,for which the controllosswas greatest,the drag
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strdght wing, the control
I

loss was less severeend is accompaniedbya sn&l.ler&rease in
drag. For the sweptback’kin.g,”fotiwhich the.loss of control.in the.
transonlcrangewas.gradual,~e”drag rise is least. Theserelations
indicatethat the dragriseand,loss of controleffectivenesshave
the sameorigin.

.,
,’

CONCLUSIONS

The followlngconclusionsare indicatedfrom the testsreported
herein: .

1. h,,ab~pt loss of controleffectivenessoccurredwith the
st%ight wingsin,thetransonicspeedrange.” ‘“ .

.. . . :. .-.
.’ “2.For the”straightwings, reducingthe sectionthicknessratio
from 0.09 to”O.06’d6creasedthe.severity.bfthe”lossof control
effectivenessand increasedtheMach nuuiber at whichthe loss occurred,

. . . 3. Wing sweepback.of’45°eliminatedthe sutienloss of ‘effeckive-
.

ness in the transonicsgeed,,rsnge”tThe values’of $ obtainedfor,. ●

the sweptbackwing were greater’thanfor
s&ne thicb”essh“ both the ti%nsohic‘azid
investigated. “

.,, ,., .

the straightwing of the
supersonicspeedrange

LangleyMemorialAercn&ticalLab,orato,ry. ..
NationalAdvisoryCoqm$fteefbr Aeronautics

LangleyField,Va. .,
,, .’,.

,,
. . .

,’

. ...,. ,“

“ct.&p5#-i



.

●

I?ACARM No. L7D02

rlEFEwNw

1. GilruthjR. R., and Wettnore,J. W.
AirfoilModelsin the Transonic
1945●

: Preliminary
SyeedRange.

9

Tests of Several
NACA ACR No. L5E08,

2. Pearson,HenryA., and Aiken,WilliamS., Jr.: Chartsfor the
Determinationof Wing Torsional.StiffnessRequiredfcr Specified
RollingCharacteristicsor AileronReversalSpeed. NACA
ACR No. L4L13, 1944.

3. Pitkin,Marvin,Gardner,WilliamN., and CurfmexL,HowardJ., Jr.:
Resultsof PreliminaryFlightInvestigationof Aerodynamic
Characteristicsof theNACA Two-StageSupersonicResearchModel
RM-1 Stabilizedin Roll at Trensonicand SupersonicVelocities. .,
NACA RM NO. L6J23, 1946.



.

ModM.

pa

pb

ja

qsa

‘jjb

.—

Empect

ratio>
A

3.cn

3.00

3.m

.

Sweepback

(deg)

o

0

0

45

45

TABLE I

.
LJWERAL CHARACTERISTIC OF MODELS ~

. . .

1 Actual model mwmrements

II

‘ Secticrl

Taper ratio iYomlnal th.1.clmeslll

sectian ratio

1.00 - 65-006

I

.06

.064

.064

Traillng-

edge aogle

(dR#

1o-o

10.0
9.3

10d
10.0
9.0

4.5
4.3
4.3

1.03 65-039 .093
.092
.0%

10.5

1000
9.0

1.00 65-009 .093 9.7
.088 8.2
.087 8.2

4.5

I

o Jo%
4.3
4.5

-1--i-=
5.7

I
.1o95‘

5.6
4.0

6.0
I

.lSLO
4.9
6.0 I

%ections et ndd-ailercm span h f ree-strem direction for each fin of eaoh mo&il..

4 .’j

I
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5.3
5.0
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(a) Configuration50.

Figure

,
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(b) Configuration51. (c) Configuration53.

2.- Model configurationstested. w
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